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Abstract 
This article presents the issue of availability of transport services on the Odra Waterway. The study involved the 
analysis of the number of days of maintaining the transit depth between years 1982 and 2005 on the three sections of the Odra. 
On this basis the actual navigable day intervals for two representative barges BM-500 and BP-500 were determined. The analysis 
shows the relationship between the mass of transported cargo and the number of navigable days. The results are the basis for 
further work on developing decision-making models supporting the implementation of innovative transport processes. 
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1. Introduction 
The theory of regional development puts special emphasis on the role of transport in the economic development 
of the city (Wysokiński et al., 2012, p. 631). Modes of freight transport in Szczecin include inland waterway 
transport. It is considered to be the most environmentally friendly mode of transport, mainly due to the low energy 
consumption (Kaup, 2011, p. 4234). Therefore, it is advisable to promote water freight transport. Including the Odra 
Waterway in new transport routes based on combined transport requires the development of comprehensive 
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solutions to be integrated with the logistics of the city. In addition, it is necessary to convince stakeholders 
(investors, ship-owners, port managers) to implement innovative solutions.  
 
It should be emphasized that previously conducted studies and opinions treated as undisputable views are not 
conducive to development and modernization of transport processes on the Polish waterways. Lack of 
implementation of projects to adapt the Odra Waterway to the currently dominant transport technology, i.e. the 
transport of containers, has for many years been explained by the poor state of the waterway, its maladjustment to 
the applicable European Union standards, primarily with respect to the existing transit depths. According to the 
opinion of J. Kulczyk et al (2012, p. 59), “operation on the free-flowing Odra River with draft of 107 meters was 
possible at high and medium navigable water. At low navigable water draft does not exceed 1.4 m. The average draft 
on the free-flowing Odra, in the period from 1980 to 2000, was approx. 1.5m”, or that a drop in depth below 1.3 m 
makes it virtually impossible to make efficient navigation (Dubicki, 1997, p. 4).  
However, these opinions are not entirely true. Draft of vessels operating on the Odra Waterway depends on the 
used deadweight, which allows transporting cargo weighing less with less draft. Thus, it is advisable to conduct 
studies aimed at analyzing the capacity of the waterway, in particular depending on the vessel deadweight. 
 
2. Purpose of the methods of the study 
This article presents the issue of availability of transport services on the Odra Waterway. The study involved the 
analysis of the number of days of maintaining the transit depth between years 1982 and 2005 on the three sections of 
the Odra, i.e.: 
x from the mouth of the Lusatian Neisse (km 542.4) to the mouth of the Warta (km(617.6),  
x from the mouth of the Warta (km(617.6) to Zatonia Górna (km 667.2) and 
x from the mouth of the Zatonia Górna (km 67.2) to Widuchowa (km 704.1). 
This was the basis to estimate the actual number of navigable days for the representative barge BP-500. 
Confidence intervals were determined for the average small sample with the adopted probability 1- alpha equal to 
0.95 (Zeliaś et al., 2002, pp. 360-3610). The calculations were performed in Excel using the built-in functions to 
define the standard deviation and Student's t-test. 
 
3. Results 
It should be noticed that the level of river waters depends on rainfall. Consequently, the capacity of the Odra 
Waterway, i.e. the amount of cargo that can be transported by river depends i.a. on weather conditions (Kulczyk et 
al., 2009, p. 43). The characteristics of the navigation season for the aforementioned three delimited sections of the 
Odra are shown in Tables 1 to 3 
 
     Table 1. Characteristics of the navigation season in the years 1982-2005 for the Odra section from the mouth of the 
Lusatian Neisse (km 542.4) to the mouth of the Warta (km 617.6) Source: Trojanowski J. et al (2006, p.15). 
Year no. of 
navigable 
days 
above 
300 cm 
300 
- 
251 
250 - 
201 
200 - 
181 
180 - 
161 
160 - 
141 
140 - 
121 
120 - 
101 
100 
 – 
 81 
80 
- 
61 
60  
- 
 41 
40  
- 
21 
No. of days 
with the 
depth of 
more than 
180 cm 
1982 276 0 49 42 16 31 29 32 77 0 0 0 0 107 
1983 318 6 19 67 15 33 15 22 58 59 24 0 0 107 
1984 260 0   4 34 22 74 79 29 18 0 0 0 38 
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1985 278 13 28 39 34 59 50 30 25 0 0 0 0 114 
1986 312 4 9 48 54 82 65 50 0 0 0 0 0 115 
1987 284 27 41 65 75 44 31 1 0 0 0 0 0 208 
1988 366 27 53 83 48 48 29 53 14 11 0 0 0 211 
1989 359 1 15 33 40 75 55 42 64 29 5 0 0 89 
1990 365         9 30 51 94 65 67 48 1 0 
1991 266     11 13 16 15 35 54 75 47 0 0 24 
1992 274 19 7 24 12 5 7 8 17 50 39 86 0 62 
1993 251   15 24 4 5 16 57 53 42 35 0 0 43 
1994 335 19 28 52 26 40 34 52 23 39 21 1 0 125 
1995 334   21 97 86 63 33 9 7 18 0 0 0 204 
1996 262 2 43 91 57 34 17 14 4 0 0 0 0 193 
1997 260 2 9 63 72 36 60 18 0 0 0 0 0 146 
1998 344 10 35 112 42 29 38 40 23 15 0 0 0 199 
1999 365 29 40 75 38 17 37 68 52 9 0 0 0 182 
2000 357 33 28 46 8 14 39 99 62 28 0 0 0 115 
2001 361 29 51 67 63 59 57 16 19 0 0 0 0 210 
2002 320 43 19 108 48 35 25 18 19 5 0 0 0 218 
2003 309   15 39 27 15 29 44 35 100 5 0 0 81 
2004 328 10 12 30 30 31 41 28 27 65 53 1 0 82 
2005 355 12 9 30 22 53 71 52 54 36 16 0 0 73 
 
     Table 2. Characteristics of the navigation season in the years 1982-2005 for the Odra section from the mouth of the Warta 
(km 617.6) to Zatonia Górna (km 667.2). Source: Trojanowski J. et al (2006, p.17). 
Year no. of 
navigable 
days 
above 
300 cm 
300 - 
251 
250 - 
201 
200 - 
181 
180 - 
161 
160 - 
141 
140 - 
121 
120 - 
101 
100 
 – 
 81 
80 
- 
61 
60  
- 
 41 
40  
- 
21 
No. of days 
with the depth 
of more than 
180 cm 
1982 276 0 49 42 16 31 29 32 77 0 0 0 0 107 
1983 318 18 65 47 14 13 24 80 49 8 0 0 0 144 
1984 325 0 0 44 105 80 61 25 10 0 0 0 0 149 
1985 276 18 43 74 59 42 35 5 0 0 0 0 0 194 
1986 267 29 33 30 99 35 40 1 0 0 0 0 0 191 
1987 284 27 41 65 75 44 31 1 0 0 0 0 0 208 
1988 366 129 24 72 44 43 34 19 1 0 0 0 0 269 
1989 259 8 20 36 33 21 71 59 42 19 0 0 0 97 
1990 365 0 0 3 49 61 40 39 103 70 0 0 0 52 
1991 266 0 0 34 30 52 37 88 24 1 0 0 0 64 
1992 274 18 11 32 6 1 3 23 48 40 61 31 0 67 
1993 251 0 6 34 24 72 43 26 25 21 0 0 0 64 
1994 335 52 47 11 18 45 57 66 26 10 3 0 0 128 
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1995 337 0 61 141 54 29 14 14 23 1 0 0 0 256 
1996 255 9 72 100 29 35 8 20 20 0 0 0 0 210 
1997 260 0 15 88 42 75 17 21 21 0 0 0 0 145 
1998 344 34 59 100 28 18 53 52 52 0 0 0 0 221 
1999 362 54 88 36 15 32 39 44 34 20 0 0 0 193 
2000 360 42 40 32 20 54 83 53 23 13 0 0 0 134 
2001 365 53 77 131 52 30 22 0 0 0 0 0 0 313 
2002 318 65 57 32 18 34 47 26 15 24 0 0 0 172 
2003 315 21 22 36 13 10 22 31 51 46 63 0 0 92 
2004 326 8 16 34 36 28 14 22 62 85 21 0 0 94 
2005 354 14 12 35 44 60 26 41 85 37 0 0 0 105 
 
Table 3. Characteristics of the navigation season in the years 1982-2005 for the Odra section from Zatonia Górna (km 667.2) 
to Widuchowa (km 704.1). Source: Trojanowski J. et al (2006, p.19). 
Year no. of 
navigab
le days 
above 
300 cm 
300 - 
251 
250 
- 
201 
200 - 
181 
180 - 
161 
160 - 
141 
140 - 
121 
120 - 
101 
100 
 – 
 81 
80 
- 
61 
60  
- 
 41 
40  
- 
21 
No. of 
days with 
the depth 
of more 
than 
180 cm 
1982 276 78 7 26 19 25 71 50 0 0 0 0 0 130 
1983 318 63 42 42 19 25 94 33 0 0 0 0 0 166 
1984 327 0 7 209 57 47 7 0 0 0 0 0 0 273 
1985 292 76 46 97 39 33 1 0 0 0 0 0 0 258 
1986 271 67 24 137 29 14 0 0 0 0 0 0 0 257 
1987 288 110 61 117 0 0 0 0 0 0 0 0 0 288 
1988 366 147 29 128 23 28 11 0 0 0 0 0 0 327 
1989 359 29 81 50 22 60 66 51 0 0 0 0 0 182 
1990 365 0 1 79 55 67 98 53 12 0 0 0 0 135 
1991 298 0 1 88 75 51 60 23 0 0 0 0 0 164 
1992 283 32 22 10 12 43 27 73 61 3 0 0 0 76 
1993 280 5 42 100 43 29 24 18 19 0 0 0 0 190 
1994 335 101 12 74 16 65 46 18 3 0 0 0 0 203 
1995 337 50 120 125 4 13 20 5 0 0 0 0 0 299 
1996 256 68 125 53 10 0 0 0 0 0 0 0 0 256 
1997 260 11 85 150 14 0 0 0 0 0 0 0 0 260 
1998 346 90 93 47 33 34 30 19 0 0 0 0 0 263 
1999 362 102 74 40 26 21 48 28 23 0 0 0 0 242 
2000 360 75 18 69 53 77 37 17 14 0 0 0 0 215 
2001 356 118 100 132 6 0 0 0 0 0 0 0 0 356 
2002 319 94 58 77 39 32 19 0 0 0 0 0 0 268 
2003 313 14 24 60 21 20 27 62 30 55 0 0 0 119 
270   Justyna Lemke and Leszek Piotrowski /  Transportation Research Procedia  16 ( 2016 )  266 – 271 
2004 326 43 30 53 24 18 60 65 33 0 0 0 0 150 
2005 344 33 24 92 14 13 33 86 33 5 11   163 
 
Based on the above data, it can be assumed with a probability of 95 percent that the navigation season is the 
longest at the section from Zatonia Górna to Widuchowa and ranges from 303 to 333 days. Slightly fewer days for 
transporting cargo are available in the two other sections surveyed. For these sections, the confidence interval for 
navigable days ranges from 294 to 328 days. It should be noted, however, that the number of days refers to vessels 
with a minimum draft (i.e. less than 40 cm). Vessels with a greater draft could be used for a smaller number of days. 
Confidence intervals provided in Table 4 for the number of navigation days for different drafts can be assumed with 
95 percent probability. 
 
Table 4. The number of navigable days, depending on the draft of the vessel. Source: own study . 
Draft more than 
180 
180- 161 160-141 140 -121 120-101 less than 100 
 No. of days 
The Odra Waterway section min max min max min max min max min max min max 
The mouth of the Lusatian Neisse – 
the mouth of the Warta 
95 150 126 191 162 230 201 267 239 297 273 318 
The mouth of the Warta - Zatoń 
Górna 
124 182 163 222 197 258 232 289 270 317 289 330 
Zatoń Górna -Widuchowa 124 182 221 275 257 304 288 323 300 331 303 332 
 
Transport on the Odra Waterway is performed using the push-towed barges and self-propelled barges. The 
individual vessels have different draft parameters depending on the cargo load. Table 5 shows the changes in draft 
depending on the deadweight for some types of vessels. 
 
Table 5. Differences in deadweight of selected types of vessels depending on changes in the size of their draft. Source: Turek 
et al (1997, p. 4) [as cited in:] Trojanowski J. et al (2006, p. 13). 
Draft [cm] 
Type of vessel 
100 120 140 155 160 185 200 219 
BM-500 169.4 247.1 234.8 382.2 402.5 500.2   
BP-500 262.0 336.3 412.1 469.7 489.4    
BPP-500 290.3 367.3 444.3 502.0     
BP-650 327.9 427.9 528.1 604.2 629.6    
BP-750 233.5 322.9 413.2 481.6 504.4 620.3 690.6 780.1 
BP-800 256.8 354.3 452.9 527.6 552.5 679.1 755.8 853.2 
 
Therefore, given the data in Table 4 and the characteristics of vessels, it is possible to specify the number of 
actual navigable days for the purposes of transport by barges of different cargo loads. Table 6 shows the results for 
two barges: self-propelled barge BM-500 and push-towed barge BP-500. 
 
Table 6. The number of actual navigable days for barges BM-500 and BP 500. Source: own study. 
Load [Tonnage] draft [cm] no. of days 
 BM-500   from to 
169.4 100 273 318 
247.1 120 239 297 
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234.8 140 201 267 
293.2 155 162 230 
402.5 160 162 230 
500.2 185 95 150 
BP -500 
262 100 273 318 
336.3 120 239 297 
412.1 140 201 267 
469.7 155 162 230 
489.4 160 162 230 
 
There is a clear correlation between the load tonnage and number of navigable days. Reducing the load by one 
ton should extend the navigation period by almost 32 days for the BM-500 barge and by over 27 days for the BP-
500 barge. Thus, this is an indication for more intensive use of inland waterway transport. 
4. Conclusions 
The ideal solution would be to deepen the Odra in order to extend the navigation period for the maximum 
permissible load of barges. However, it should be noted that even in that situation it should not be assumed that 
navigable days would mean 365 days a year. In this case, it is advisable to develop models to assess the inland water 
transport at the existing transit constraints. Determination of the number of navigable days is the first step, followed 
by, among others, comparison of the costs of additional transport (one cargo shall be transported involving a larger 
number of barges) with the costs of alternative forms of transport or the costs of downtime. In addition to the 
economic analysis, the model should also allow for the analysis of external costs including the impact of each 
solution on the environment. This is particularly important from the point of view of the policy of sustainable 
development. Only a comprehensive study will provide ship-owners and port managers with innovative, efficient 
and environmentally friendly solutions. 
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